Petrographic features, mineralogy, and stable isotopes from two stalagmites collected 17 from Anjohibe and Anjokipoty Cave allow distinction of three intervals of the Holocene in 18 northwestern Madagascar. The Malagasy early Holocene interval (between ca. 9.8 and 7.8 ka) was 19 wet, and vegetation changes seem to have been controlled by changes in climate. The Malagasy 20 late Holocene interval (after ca. 1.6 ka) also records evidence of wet conditions, but changes in 21 vegetation were influenced by anthropogenic effects, as suggested by the stalagmite d 13 C shift. 22
Introduction 42
Although much is known about the Holocene climate change worldwide (Mayewski et al., 43 2004; Wanner and Ritz, 2011; Wanner et al., 2011; , high-resolution climate data for the 44 Holocene period is still regionally limited in the Southern Hemisphere (e.g. Wanner et al. 2008; 45 Marcott et al. 2013; Wanner et al., 2015) . This uneven distribution of data hinders our 46 understanding of the spatio-temporal characteristics of Holocene climate change, including our 47 understanding of the most important climate forcings of the Holocene. Some of these forcings 48 would, for example, have an influence on the ITCZ behavior and the monsoonal response in low-49 to mid-latitude regions (e.g. Wanner et al., 2015; Talento and Barreiro, 2016) . Madagascar is 50 particularly a strategic location where such records are needed because it holds a key position in 51 the Indian Ocean (Fig. 1a) , and it is seasonally visited by the ITCZ (Inter-Tropical Convergence Zone) 52 with a karst region crossing latitudinal belts (Fig. 1c ). Thus, records from Madagascar could 53 complete gaps in paleoclimate reconstruction in the Southern Hemisphere (SH). Records from 54
Madagascar could also help refine paleoclimate simulations that could provide better 55 understanding of the global circulation and the land-atmosphere-ocean interaction during the 56
Holocene. 57
To fill the knowledge gap about the Holocene climate change in the SH and particularly in 58
Madagascar, and to better understand the paleohydrology in NW Madagascar during the 59 Holocene, we present multiproxy records (stable isotopes, petrography, mineralogy, variability of 60 layer-specific width) from stalagmites from two caves, Anjohibe and Anjokipoty Caves, in 61 The MEHI and the MLHI are isotopically distinct (Fig. 3a) . The MEHI is characterized by 163 statistically correlated d 18 O and d 13 C (r 2 =0.65 and 0.53), and much depleted d 13 C values (ca. -11.0 164 to -4.0 ‰). The 8.2 ka event, a widespread event in the NH (e.g. Alley et al., 1997) , is also identified 165 in the stalagmite records. Stalagmite d 18 O and d 13 C values both decreased to a minimum of -6.78 166 and -10.88‰, respectively at that interval ( Figs. 3 and 7) . In contrast to the MEHI, the MLHI's d 18 O 167
and d 13 C are poorly correlated (r 2 =0.25 and 0.17), and d 13 C values are more enriched (Fig. 3) . 168 169 4.3. Mineralogy, petrography, and layer-specific width 170
In both stalagmites, the hiatus of deposition (see Sect. 4.1) is characterized by a well-171 developed Type L surface (Figs. 2b, 6S). Petrography and mineralogy are distinct before and after 172 that hiatus (Fig. 2) . Below the hiatus, laminations are well preserved in both stalagmites. Above 173 the hiatus, laminations are not well-preserved, although noted at some intervals. 174
In Stalagmite ANJB-2, the layer-specific width varies from 37 to 26.5 mm with a mean of 175 30 mm. It narrows to 28 mm at the hiatus (Fig. 2b) . Below the hiatus, mineralogy is dominated by 176 aragonite, although a few thick layers of calcite are also identified. A thin (~2-3 mm) but 177 remarkable layer of white, very soft, and porous aragonite is identified just below the hiatus ( 
S6
). This layer is capped with a very thin layer of dirty material. Above the hiatus, mineralogy is 179 also composed of calcite and aragonite, with dominance of calcite, and the calcite layers contain 180 some macro-cavities that are mostly off-axis macroholes (Shtober- Zisu et al., 2012) . 181
In Stalagmite MAJ-5, the layer specific width varies from 50 to 22 mm with a mean of 35.5 182 mm. It narrows to 22 mm at the hiatus (Fig. 2b ). Below the hiatus, mineralogy is a mixture of calcite 183 and aragonite. Above the hiatus, mineralogy is mainly calcite and macro-cavities are also 184 distributed throughout that upper part of the stalagmite. 185 186
Summary of the results 187
The records from Stalagmites ANJB-2 and MAJ-5 suggest three distinct intervals of the 188
Holocene. The MEHI (between ca. 9.8 and 7.8 ka BP), with evidence of stalagmite deposition, is 189 characterized by statistically correlated d 18 O and d 13 C (r 2 =0.65 and 0.53) and more negative d 13 C 190 values (ca. -11.0 to -4.0 ‰). The MMHI (between ca. 7.8 to 1.6 ka BP) is marked by a long-term 191 hiatus of deposition, which is preceded by a well-developed Type L surface in both Stalagmite 192 ANJB-2 and MAJ-5 ( Fig. 2; Fig. S6 ). The Type L surface is observed as an upward narrowing of the 193 stalagmite's width and layer thickness. It is particularly well-developed in Stalagmite MAJ-5 (Fig. 194 S6). In the other Stalagmite ANJB-2, the hiatus at the Type L surface is preceded by approximately 195 3 mm-thick layer of highly porous, very soft, and fibrous white crystals of aragonite (the only 196 aragonite with such properties), and it is topped by a thin and well-defined layer of detrital 197 materials ( Fig. S6 ), further supporting the presence of a hiatus. Finally, the MLHI (after ca. 1.6 ka 198 BP) is characterized by poorly correlated d 18 O and d 13 C (r 2 =0.25-0.17). This interval is additionally 199 marked by a shift in d 13 C and greater d 13 C (Fig. 3) . Stalagmites are secondary cave deposits, which are CaCO 3 precipitates from cave 205 dripwater. Calcium carbonate precipitation occurs by CO 2 degassing, which increases the pH of the 206 dripwater and thus increases the concentration of CO 3 2-. In some cases, evaporation, which 207 increases the Ca 2+ and/or CO 3 2of the dripwater, may also be important. Degassing occurs because 208 the high-PCO 2 water from the epikarst meets the low-PCO 2 cave air, while evaporation occurs 209 when humidity inside the cave is relatively low. The fundamental equation for stalagmite 210 deposition is shown in Eq. 1. 211
Growth and non-growth of stalagmites depends on several factors that could be mainly 213 linked to water availability, which in turn is linked to climate (more water during warm/rainy 214 seasons and less water during cold/dry seasons). Water is the main dissolution and transport agent 215 for most chemicals in speleothems. Cave hydrology varies significantly over time in response to 216 climate, and this variability influences the formation or dissolution of CaCO 3 . In this regard, calcium 217 carbonate does not form if the water feeding the cave is very little to absent, or if it is too much. 218
Absence of groundwater recharge most typically occurs during extremely dry conditions, whereas 219 excessive water input to the cave occurs during extremely wet conditions. In the latter scenario, 220
water is undersaturated and flow rates are too fast to allow degassing. Oftentimes, water 221 availability could be reflected in the extent of vegetation above and around the cave, as this 222 requires enough moisture from the soil or from the shallow groundwater. Surface biomass 223 supplies most of the CO 2 to the soil epikarst, and this could contribute to the stalagmites' 224 processes of formation. Growth and non-growth of stalagmites could be associated with cave 225 dripwater fed by atmospheric precipitation, and this could be linked to climatic conditions at the 226 time when stalagmites grew. specifically able to identify significant features in stalagmites that allow distinction between non-232 deposition during extremely wet (Type E) and non-deposition during extremely dry conditions 233 (Type L; Fig. 2b ). Physical properties of stalagmites that support these extreme dry and wet events 234 are summarized in Table 1 The mid-Holocene hiatus in both stalagmites could be interpreted in two ways: an interval 294 of extremely wet conditions or an interval of extremely dry conditions. In the scenario of extremely 295 wet conditions, the dripwater rate must have been very high to allow degassing, thus inhibiting 296
CaCO 3 precipitation. The excesses of water infiltrating into the cave could have dissolved 297 previously deposited stalagmite layers. However, the absence of a major Type E surface (erosional 298 surface; Railsback et al., 2013) at the hiatus suggests that extreme wet conditions did not prevail 299 during the mid-Holocene. 300
In the case of extremely dry conditions, the cave must have not received sufficient 301 dripwater to allow the stalagmites to grow. Several lines of evidence in both stalagmites suggest 302 a dry mid-Holocene in northwestern Madagascar. First, the major Type L surfaces identified in 303
Stalagmite MAJ-5 and ANJB-2 at ca. 62 and 117 mm respectively from the top of each stalagmite 304 suggest that the mid-Holocene was drier. In Stalagmite ANJB-2, this Type L surface is preceded by 305 a thin (ca. 3 mm) layer of aragonite, a CaCO 3 polymorph frequently found in stalagmites to indicate 306 intervals of drier conditions (Murray, 1954; Pobeguin, 1965; Siegel, 1965; Thrailkill, 1971; Cabrol 307 and Coudray, 1982; Railsback et al. 1994; Frisia et al., 2002) . This Type L is also capped with a very 308 thin layer of dust materials, similar to the layer described in Railsback et al. (2013) . This inference 309 of drier mid-Holocene interval is additionally supported by a decrease in the layer-specific width 310 of the stalagmites towards the hiatus (Fig. 2B ), quantifying the decrease in CaCO 3 deposition, 311 which could have started at the end of the early Holocene and continued to the mid-Holocene. 312
Although records are missing during the mid-Holocene in both of our stalagmites, the 313 absence of stalagmite deposition at a major Type L surface (Fig. 2) , which is preceded by a thin 314 porous layer of aragonite, would very likely suggest that the cave was not sufficiently supplied with 315 water, and thus climate was drier then compared to the early Holocene, hence we name is 316 "Malagasy mid-Holocene dry period". The dry mid-Holocene was also felt in other regions of 317 visit of the ITCZ), rather than simply dry climate with no rainfall at all (see Supplementary Text 1 320 and Fig. S9 ). It is therefore possible to expect that at some locations in the cave, some stalagmites 321 could still grow but very slowly, such as ANJ94-5 (Wang and Brook, 2013, Wang, 2016) . The resumption of stalagmite deposition after ca. 1.6 ka BP suggests that climate in 325 northwestern Madagascar returned to relatively wet conditions, at least similar to the early 326
Holocene climate conditions. Stable isotopes of carbon (d 13 C) profile display a shift from depleted 327
to enriched values at ca. 1.5 ka BP ( Fig. 3; Fig. S7 The periods of deposition of the two stalagmites ANJB-2 and MAJ-5 from Anjohibe and 345
Anjokipoty Caves respectively during the MEHI and the MLHI suggests that these intervals were 346 Holocene. This could be explained by the complexity of the climate drivers during the late 398
Holocene. Studies report that the late Holocene climate has changed in response to several 399 overlapping effects of the orbitally driven insolation, volcanic eruptions, changes in solar 400 irradiance (e.g. Wanner et al., 2008) , and changes in regional to global-scale variations in 401 temperature (e.g. Neukom et al., 2014; Chambers, 2015) . Global Ocean Conveyor (Stommel, 1958; Gordon, 1986; Broecker, 1992 Broecker, , 1992 (Figs. 3 and 7) , is an ideal 462 timeframe to investigate such "ocean-land-atmosphere" relationship during the early Holocene. could be attributed to a more southward migration and/or an expanded ITCZ, increasing the 491 duration of the summer rainy seasons and/or strengthening the intensity of the Malagasy 492 monsoon. This could have been tied to insolation, the temperature gradient between the two 493 hemispheres, and weakening of the AMOC. In contrast, the hiatus of deposition during the mid- Voarintsoa. We also thank the Schlumberger Foundation for providing additional support to N. 520
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